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Ruijin ZHANG * , Zhaochen SUN ** , Norio HAYAKAWA *** , Tokuzo HOSOYAMADA *** An accurate and highly efficient semi-implicit three-dimensional tidal model is developed and applied to Dalian Bay. In the model, the pressure gradient in the momentum equations and the velocities in the vertically integrated continuity equation are discretized using the -method, the representing an implicit parameter. At each time step the numerical method requires the solution of one large linear system which can be formally decomposed into a set of small three-diagonal systems coupled with one five-diagonal system. The algorithm has been shown to be fast and accurate. The following free surface equation is generated by integrating the continuity equation over the depth and using the kinematic condition at the free surface.
In this equation, h x, y, t is the water depth measured from the undisturbed water surface. The total water depth H x, y, t is given by x, y, t is defined above.
The boundary conditions at the free surface are specified by the prescribed wind stress:
where w x and w y are the shear stress at the water surface in the x and y direction.
The boundary conditions at the sediment-water interface are related to the bottom stress, which is specified by the Manning-Chezy formula:
The governing equations with their boundary conditions are solved using the finite difference technique. A staggered arrangement of grid points is used, as depicted in It is important to note that when the value of is 0.5, system 32 is well conditioned and the conjugate gradient method is able to achieve convergence even fast.
Once the free surface location for the next time step has been determined, Equations 18 and 19 constitute a set of simple N x N y linear tridiagonal systems for each j.
These matrices are independent from each other, symmetric and positive definite. Therefore, they can be conveniently solved by a direct method.
The vertical velocity component w at the new time step can be computed by discretizing the continuity equation,
Equation .
The stability analysis of the semi-implicit finite difference method is conducted using the von Neuman 
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The highest accuracy and efficiency is achieved when equals to 0.5. It should be noted that the stability of the semi-implicit finite difference scheme is independent of the velocity, bottom friction and vertical viscosity. It just depends on the horizontal viscosity. This method becomes unconditionally stable when the horizontal viscosity terms are neglected. From the vector field figures, the following conclusion can be made:
In the eastern open sea region, the main direction of the tidal current is NE-SW. At the flood tide, the tidal current direction is SW and at the ebb tide, the tidal current direction is NE. In the eastern near-shore region, due to the effects of the bathymetry, the direction of the tidal current shows wide variability.
In the region, the tidal direction acts parallel to the coastline. Also, there is an obvious revolving flow around the Dasan Island near the mouth of the bay.
When the area is considered as a whole, the tidal current can be characterized as a reversing current. Near the islands, however, some of the currents change to the clockwise direction.
In order to focus the study of the tidal residual currents on Dalian bay itself, an enlarged image of the flow vectors in this region is shown in Fig.11 . It appears that the counterclockwise current at the mouth of the bay dose not affect currents within the bay. The current performance of numerical scheme is quite satisfactory. In the future, the effects of wind stress, density driven currents generated by seasonal atmospheric temperature change will be included in the numerical calculation. Applying the model to ecological problems can be an example of extension of the model because the problems caused by difference of time scale between ecological and dynamic phenomena will be overcome by highly efficient scheme proposed in this study. 
